§1. INTRODUCTION
Until 1980's, most experiments involving heavy ions were primarily carried out for tightly bound nuclei, for example, 16 O + 208 Pb, 1)-3) 32 S + 58,64 Ni, 4) etc. However, recently several groups succeeded in producing loosely bound projectiles such as 6 He, 5)-7) 6 Li, 8), 9) and 9 Be 10)-12) and many interesting experiments using loosely bound nuclei were performed.
In analyzing these data, it is important to include all the available data in the analyses and get a consistent and comprehensive understanding. Thus, we consider the elastic, DR (all reactions such as inelastic, breakup, transfer, incomplete fusion, and so on), and fusion (complete fusion) in one scheme of the extended optical model and try to understand the energy-dependence of the optical potentials. Let us first recapitulate some characteristics of the experimental data recently obtained for loosely bound nuclei. §2. SOME CHARACTERISTICS OF EXPERIMENTAL DATA Let's consider the probabilities, 13) defined by the ratios,
as a function of the distance of closest approach D(or the reduced distance d), 14) , 15) typeset using PTPT E X.cls Ver.0.89 
where θ is the scattering angle and D 0 is the distance of closest approach in a headon collision (s wave). Further, A 1 and A 2 are the masses of the projectile and target ions, respectively. As an illustration, we show in Figure 1 (a) the experimental P E and P D for tightly bound nuclei such as 16 
or valence neutron, S α and S n , decreases for loosely bound projectiles. Another characteristic involving loosely bound nuclei is that a threshold anomaly that usually appear in the optical potential does not appear. As seen in Fig. 2 , the strength of the optical potential varies very rapidly near the Coulomb-barrier energy, V B . In particular, the imaginary potential becomes almost zero at the threshold energy, E 0 . Such a phenomenon is called the threshold anomaly. At subbarrier energies absorption does not occur due to the closing of all channel except for elastic channel. As the energy increases, absorption takes place due to the opening of many reaction channels.
Figure 2(a) shows the threshold anomaly for 16 O+ 208 Pb. We can clearly see the threshold anomaly both for fusion and DR. However, for loosely bound nuclei, for example, 6 Li+ 138 Ba system (see Fig. 2 (b) ), the threshold anomaly is not observed for total optical potential.
The third characteristic is the competition between DR and fusion cross sections. As seen in Fig. 3 (a) , for tightly bound nuclei such as 16 O+ 208 Pb, the fusion cross section is larger than the DR cross section. However, when the separation energies of the valence neutron or α-particle become small, the DR cross section increases and the fusion cross section decreases as can be seen in Fig 3 (b) ∼ ( 
d). §3. ANALYSES AND RESULTS
In order to understand these characteristics of the experimental data, we use one channel optical model which gives us the Schrödinger equation 
12)
for the elastic channel, where T , E, and χ (+) are the kinetic energy operator, total energy in the c.m. system, and distorted wave function, respectively. The optical potential U (r) is written as
Here V C (r) is the usual Coulomb potential and V 0 (r) is the energy-independent bare (Hartree-Fock) nuclear potential, U F (r; E) and U D (r; E) are, respectively, fusion and DR parts of the so-called polarization potential 17) written by
, and W D (E) are the energy-dependent strength parameters. We assume the geometrical parameters of the real and imaginary potentials to be the same, and thus the strength parameters
Fusion and DR cross sections can be obtained by well represented by the dotted line in the lower panels of Fig. 4(a) and (b) . Then, by using the dispersion relation, Eq. (3 . 5), we can obtain V D (E) denoted by the dotted line in the upper panels of Fig. 4(a) and (b) . In order to fix V F and W F , we performed the second step of the χ 2 analysis. We used V D and W D determined by the first χ 2 fitting (i.e., W D (E) and V D (E) denoted as the dotted lines in Fig. 4(a) and (b)), and performed 2-parameter χ 2 analyses, treating only V F (E) and W F (E) as adjustable parameters. The values obtained are presented in Fig. 4(a) and (b) by the solid circles. These solid circles can be represented by the solid lines in Fig. 4 (a) and (b), which are then used in Eq. (3 . 5) to get the solid curves for V F . The solid curves of Fig. 4(a) and (b) reproduce the extracted solid circles well. However, for 6 He+ 209 Bi system (Fig. 4(c) Fig. 4 , we performed the final calculations of the elastic, DR and fusion cross sections. As shown in Fig. 4 potentials do not clearly show the threshold anomaly. Next, let us consider the suppression of σ F in the above barrier. There are two competing physical effects on fusion coming from breakup ; the lowering of the Coulomb barrier due to V D and removing of the flux from elastic into breakup according to W D . To see the effects quantitatively of the competition between breakup and fusion, we define R V W -value : In order to show the net effect clearly, we plot in Fig. 6 6 Li, and 9 Be cases. Therefore, our calculated R V W factors are very close to R exp , indicating that the observed suppression in the above barrier region can essentially be explained in terms of the net breakup effect. §5. SUMMARY
The fusion potential for loosely bound nuclei shows a threshold anomaly, while DR potential does not. Around the strong absorption radius where the reaction takes place, the polarization potential does not show the threshold anomaly for loosely bound nuclei. Finally, the suppression of the fusion cross section in the above barrier seems to occur because the contribution from the flux loss (due to W D ) is larger than that of the barrier lowering (due to V D ).
